Transgenic Observations on symptom expression and diverse analyses of virus genome replication elucidate the co-existence of these viruses, the case of uneven distribution of these viruses and the subsequent plant phenotypes. As expected, the resistant plum C-5 can be infected with Ilarviruses and Trichoviruses, but interestingly, their association with PPV did not lead to the resistance breaking of sharka. These are consistent with the lack of PPV RNA detection in C-5 scions, and notably, the molecular detection of siRNA (small interfering RNAs) in leaf samples collected from experiments confirm the specific knock-down of PPV genome replication that is correlated with the phenotypic behaviour of the plum C-5 to sharka disease.
INTRODUCTION
Sharka is among fruit tree diseases that affect stone fruit trees (Prunus). Firstly, reported from Bulgaria (Atanassov, 1932) , PPV, a potyvirus naturally spread by aphid vectors, is responsible for economically important losses in European orchards (Dunez and Sutic, 1988) . A series of works have been developed to search sources of genetic resistance to PPV in Prunus species but there are only a few tolerant plants (Dosba et al., 1991; Kegler et al., 1998; Dicenta et al., 2000; Hurtado et al., 2002) . Strategies to better understand virus resistance came from the use of pathogen-derived resistance (Sanford and Johnston, 1985) . Mixed infections are common in fruit tree virus diseases. If virushost interactions are not well characterized, the impacts may be predicted as antagonistic or synergistic. In some cases, symptoms caused by PPV can be associated with those resulting from ACLSV like chlorotic spots, vein clearing or mosaic on leaves but natural co-existing can also occur (Llacer and Cambra, 1988; Boulila et al., 2004) . Among the possible combination, PPV can also co-exist with PDV or PNRSV (Nemeth, 1986) . Reports of mixed infection in perennial crops are not so frequent; however, these mixed infections require more knowledge to extensively understand their respective genome replication. Agronomical impacts of biotechnology are not restricted to evaluate the efficiency of the engineered virus gene, but also there is a need to understand the plantgene interactions.
Since there are different techniques based onto virus detection, gene regulation (nuclear run-on, methylation studies, siRNA) were developed to follow up the correlation between transgene regulation and disease development or virus interference. Applied as a model to fight against Plum pox potyvirus (PPV), transgenic Prunus domestica 28 engineered with PPV capsid gene (PPV CP) have been shown to be resistant to PPV infection (Ravelonandro et al., 1997; Hily et al., 2004; Malinowski et al., 2006) . Posttranscriptional gene silencing (PTGS) is the mechanisms involved (Scorza et al., 2001; Hily et al., 2005) . This provides the rationale for the use of P. domestica as a model in understanding the natural defence induced. Silencing mechanisms through siRNA production (Hily et al., 2005) occur and specifically block the replication of PPV genome that is followed up of the degradation of PPV RNA.
Anticipated works were performed under the association of fruit tree viruses, PPV with PDV, PNRSV and ACLSV. Once the transgenic resistant clone C-5 is inoculated following two different scenarios of mixed infection, virus infection was recorded. Even the pathogenesis of mixed infection remains unclear though both viral and host factors have interacted compatibly. One of the remarkable features of siRNA production in woody plants is its specific induction, not only with PPV itself, but also under circumstances of mixed infection. In this report, we show that resistance to PPV infection is stably maintained as an adaptative response triggering specifically PPV RNA and does not affect the replication of the other co-existing viruses. Little was known about silencing in woody plant species, but the results reported here about transgenics show that the system deployed is an inducible silencing associated with the production of the large 27 nt siRNA that confers the protection against PPV infection. Systemic propagation of the 27 nt siRNA appears to be the key factor of this resistance.
MATERIALS AND METHODS

Prunus domestica Host-Plants
About 60 to 90 copies per clones were grafted but only a variable number of replicates were successfully produced (Table 1) . Two clones transformed with PPV CP gene (C-5 and -6) (Scorza et al., 1994) and as control the clone PT-23 engineered with the two marker genes NPTII (neomycinphospho-transferase) and GUS (β-glucuronidase) were vegetatively propagated by grafting onto GF305 peach roostocks. All scions were maintained in a confined greenhouse at 22-24°C.
Viruses and Infection Scenarios
PPV isolates belong to PPV serotype M. PDV is from Czech Republic PNRSV isolate DSK is from Poland and ACLSV from Romania. Three scenarios were set up to study the effects of the co-existing viruses. First, PPV type M was previously propagated with either PNRSV, PDV or ACLSV in transgenic shoots and the GF305 peach rootstocks. In the second scenario, PPV was initially inoculated, then after recording sharka infection, scions were inoculated with either PNRSV, PDV or ACLSV. The third scenario was achieved similarly to the second, except the reversion of the two viruses: PNRSV or PDV or ACLSV then PPV (Table 1) . Virus infection was recorded by symptom observations and confirmed by DAS-ELISA with polyclonal antibodies raised to PPV (LCA, France), PNRSV (Bioreba, Switzerland), PDV and ACLSV (Loewe, Germany). Serological assays were performed 6 to 8 weeks after bud breaking. Leaf samples were collected, ground in citrate buffer and extracts were used for DAS-ELISA tests (Clark and Adams, 1977) . Plant rootstocks that did not show the detection of the two co-existing viruses, were excluded of the list of test plants.
RNA Extracts, siRNA Detection and RT-PCR Detection of Virus Genome RNA
Standard procedures of total RNA were used throughout Hily et al. (2005) . Gel analysis and RNA transfer to Hybond-N+ membrane (Amersham) were performed according to manufacturer's instructions. Targeted templates were detected with 32P-labelled probes using a riboprobe transcript or a pool of oligonucleotide matching to PPV CP citron.
RESULTS AND DISCUSSIONS
Evidence for Maintaining PPV Resistance
To determine what co-existing virus(es) can cause any synergistic interactions with PPV, we analyzed the spread of the two viruses following the three scenarios. Among the first attempts, we scored infected plants by the symptom appearance. This was confirmed by the serological assays. The proportion of these infected test plants varied considerably between the three respective scenarios. One of the most intriguing observations is the uneven distribution of the two viruses. The systemic spread of virus(es) from rootstocks to the shoots did not show any aspects of interference. Later, when the analyses were extended to the different levels of the tested leaves, we found that both control plants, clones C-6 and PT-23, were completely diseased. The susceptibility of these plums is enough to confirm that the three respective cases of mixed infection are relevant. Table 1 shows that there is neither case of antagonism nor apparent synergism. These experiments also show that all three different co-existing viruses can systemically spread in all test plants. If the three viruses can be detected in any parts of the plant C-5, it seemed clear that clone C-5 never permitted the movement of PPV at the medium or the tip section of tested scions. The serological detection of PPV in some C-5 plums indicated a relative concentration of virus apparently low when compared to plum controls (not shown). In addition, the RT/PCR detection of PPV challenger is only feasible at the section surrounding the grafting point (not shown). These results show the evidence for maintaining PPV resistance by clone C-5, and it appeared likely that no co-existing virus can cause the resistance breaking to PPV infection.
siRNA Detection
In order to understand the phenotype displayed by clone C-5 tested under these circumstances, we analyzed siRNA production that ensures the systemic silencing in clone C-5 (Hily et al., 2005) . To study whether siRNA may play such a role in mixed infection, different experiments were conducted with RNA extracts from clones C-5 and C-6 that was used as control. These analyses were probed with either PPV CP or with coexisting virus sequences. Regardless of the co-existing virus, Figure 2 has revealed a correlation between the detection of the 27 nt large siRNA and the plant phenotype to PPV infection. When RNA extracts were probed with PPV CP, only clone C-5 accumulated the siRNA duplex (21-27 nt) as shown by Hily et al. (2005) . In contrast, experiments using RNA extracts probed with co-existing virus genome sequences have revealed the detection of the 21 nt small siRNA in all tested clones. The homologous results shown by clones C-5 and C-6 indicate that both plums are susceptible to ilar-and trichoviruses; however, the unique detection of siRNA duplex in C-5 extracts when probed with PPV CP sequences suggests that clone C-5 is still resistant to PPV infection. There are no apparent synergistic interactions between PPV and any tested ilar-and trichoviruses because all three respective viruses did raise an interference with the host antiviral defence. Although these mixed infections did not have any visible effects, the case of uneven distribution of viruses in woody host remains unclear.
We have perceived that the production of the 27 nt siRNA by clone C-5 is linked with PPV sequences. Used as guides for the RNA-induced silencing complex (RISC), the spread of this large 27 nt siRNA in clone C-5 is linked with the systemic suppression of PPV RNA that is degraded (Hammond et al., 2000; Zamore et al., 2000) . These results demonstrate that the defense mechanisms in woody host are following a specific pathway that is induced by the virus transgene that was engineered. This confers a systemic silencing required specifically to suppress the replication of the undesirable PPV.
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